Introduction {#sec1-1}
============

Radiotherapy is a multidisciplinary specialty using complex equipment and procedures for assessment, planning, and delivery of the treatment. International Commission on Radiation Units and Measurements (ICRU)\[[@ref1]\] recommends target dose uniformity within ± 5% of the dose delivered to a well-defined prescription point within the target. Modern photon beam radiotherapy is done with a variety of beam energies and field sizes under one of two set-up conventions: A constant source to surface distance (SSD) for all beams or an isocentric set-up with a constant source to axis distance. It is universally recognized that quality assurance (QA) is vital to overall radiotherapy process to ensure the achievement of safe and effective treatment.\[[@ref1][@ref2][@ref3]\] The goal of a radiotherapy procedure is to deliver maximum dose to eradicate a tumor while at the same time minimizing the radiation exposure to healthy tissues.

*In vivo* dosimetry is the procedure adopted to monitor the radiation dose delivered to a patient during radiation therapy.\[[@ref2][@ref4]\] It allows comparison of prescribed and delivered doses and thus provides a level of radiotherapy QA that supplements portal films and computational double checks. The ultimate check of the actual dose delivered to a patient in radiotherapy can only be achieved using *in vivo* dosimetry.\[[@ref5][@ref6]\] *In vivo* dosimetry can be done by putting dosimeters on the patient\'s skin or in natural cavities.\[[@ref4]\] It is usually performed to detect errors in individual patient\'s and core procedures to evaluate the quality of specific treatment techniques or to evaluate the dose *in situ* ations in which the dose calculation is inaccurate or not possible.\[[@ref2][@ref4][@ref7]\]

*In vivo* dosimetry can be divided into three classes: Entrance dose measurements, exit dose measurements, and intracavitary dose measurements.\[[@ref4][@ref8][@ref9]\] Entrance dose measurements serve to check the output and performance of the treatment apparatus as well as the accuracy of patient set-up. Exit dose measurements serve, in addition, to check the dose calculation algorithm and to determine the influence of shape, size, and density variations of the body of the patient on the dose calculation procedure; a variety of detectors, including thermoluminescent dosimeters (TLD), silicon diodes, and new detectors such as metal oxide silicon field-effect transistors are currently available for *in vivo* dosimetry.\[[@ref2][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15]\] The choice between these techniques may depend on many factors such as availability, intrinsic characteristics of the detector type, measurement type, training of personnel, financial considerations, and, of course, personal preference.\[[@ref4][@ref12][@ref13][@ref14]\]

This work reports a study to test the applicability of a TLD system for performing *in vivo* entrance dose measurements in cobalt teletherapy machine. The use of TLD for *in vivo* dosimetry had been reported by many authors as an effective means of entrance dose verification in radiotherapy.\[[@ref16][@ref17][@ref18][@ref19]\]

*In vivo* dosimetry was carried out on various cancer patients at the radiotherapy department of Eko Hospitals, Lagos-Nigeria. The aim of this study is to verify whether a correct dose is actually being delivered to the tumor and also detect errors in individual treatment sessions that may arise in equipment malfunctioning and human mistakes.

Subjects And Methods {#sec1-2}
====================

Fifty-six patients with different types of cancer diseases were randomly selected and admitted for this study after obtaining due clearance from the ethical committee of the hospital. Admission of patients for this study was based on the cancer distributions reported for treatment in the center and each patient consent was sought before measurements were taken. The most common cancer types featuring in the center are: Breast, pelvis (prostate and cervical), and head and neck (H and N). The TLD chips were divided into three groups: Breast (18), pelvis (23), and H and N (15). The TLD system available at the Radiation Monitoring and Protection Centre of the Lagos State University, Ojo, Lagos was used for the study. The choice of LiF: MgTi is based on its special characteristics which include: Energy independence, directional independence, small size, tissue equivalence, linearity within the energy range of interest, reusability, and availability.

All patients were treated using gamma^60^ Co (T780c) radiation at SSD 80 cm located at Eko Hospitals, Ikeja, Lagos. Two TLDs were placed on the patient surface within 1 cm from the center of the field of treatment. Build-up material made of paraffin wax with a density of 0.939 g/cm^3^ and a thickness 0.5 cm was placed on top of the TLDs. An RADOS RE 200 TLD reader was used to read out the TLDs over 12 s and at a temperature of 300°C within the fields of treatment. The doses were averaged, and the mean dose of all patients measured. SSD and build-up correction factors were determined. The measured doses are the product of results of readings, calibration, and correction factors. Percentage differences between the measured and expected doses were calculated.

Thermoluminescent readouts were carried out using an RADOS RE 2000 TLD reader with a linear heating rate of 8 C/s. A nitrogen gas generator supplied heat to the TLD reader. Readouts were taken within 12 s and at a temperature of 300. An oven and a furnace were used for annealing procedures of the LiF: MgTi. The annealing procedure used consists of two subsequent annealing: 1 h at 400°C and 2 h at 100°C

Statistical analysis {#sec2-1}
--------------------

The expected doses, measured doses, dose deviations, and percentage mean deviations were recorded as means (standard deviation \[SD\]). Statistical analyses for all the data were performed using Statistical Package for Social Sciences (SPSS) version 20 (Armonk, NY, USA). A one-way analysis of variance (ANOVA) was used to study the relationships that exist among the parameters. Tukey\'s post-hoc multiple comparison method was further used to test the statistically significant relationship among the groups. *P* \<0.05 was considered statistically significant.

Results {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} presents mean (SD) of expected doses, measured dose, dose deviation, and percentage deviation differences of a group of patients treated for breast, pelvis, and H and N cancer. The result values are presented in mean (SD). There was no significant difference in percentage deviation of measured dose from prescribed dose for breast and pelvis patients (*P* = 1.00), breast and H and N patients (*P* = 0.17), and pelvis and H and N patients (*P* = 0.18). Also no significant difference between percentage deviations of measured and prescribed doses of breast, pelvis, and H and N patients (*P* = 0.11). [Figure 1](#F1){ref-type="fig"} represents the relationship between percentage deviation differences of measured entrance doses from prescribed doses for breast, pelvis, and H and N patients. The dotted lines on the figure indicate the ±5% recommended limit.\[[@ref1][@ref4]\]
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Discussion {#sec1-4}
==========

This study was designed to investigate the percentage difference between expected dose and measured dose of different patients scheduled for radiotherapy in the center. [Table 1](#T1){ref-type="table"} presents the average expected dose, measured dose, dose deviation, percentage deviation differences between the expected and measured doses of breast, pelvis, and H and N, respectively. A positive value indicates that the measured value was greater than the expected dose; while a negative value indicates that the measured dose is less than the expected dose. From the results, 88.9% (16/18) patients treated for breast were below ± 5% recommended dose limits which is in good agreement with Fiorino *et al*.,\[[@ref20]\] Cozzi and Fogliata-Cozzi,\[[@ref21]\] and Aweda *et al*.\[[@ref22]\] Patients with pelvis had 91.3% (21/23) below recommended dose tolerance limit which is also in good agreement with Ferguson *et al*.\[[@ref23]\] and Meijer *et al*.\[[@ref24]\] values. Also, 86.7% (13/15) of the patients recruited for the H and N treatments had their obtained values below recommended dose limit, which is in agreement with Fiorino et al\[[@ref20]\] and others.\[[@ref22][@ref24]\] In general, 89.3% (50/56) of the patients admitted for this study were below 5% recommended dose limit. ANOVA was used to test the relationship between the results of the treated sites; there was no significant difference in percentage deviation of measured dose from prescribed dose of breast and pelvis patients (*P* = 1.00), breast and H and N patients (*P* = 0.17), and pelvis and H and N patients (*P* = 0.18). The result also shows no significant difference between percentage deviations of measured and prescribed doses of breast, pelvis, and H and N patients (*P* = 0.11). Six out of the 56 patients admitted for the study have their percentage differences exceeding 5% recommended dose limit while the remaining 51 patients were within the recommended dose limits. Some researchers had mentioned that patient setup, patient movement, human errors in data transfer during the treatment procedure, patient preparation, and inaccuracies in dose calculation could cause significant higher deviation between the prescribed dose and measured dose. The response and uncertainty in the reading of the TLD detectors might also be a contributing factor.\[[@ref25]\]

Conclusion {#sec1-5}
==========

This study was used to determine the potential role of *in vivo* dosimetry as part of quality control and audit of the radiotherapy procedures in the center. There was no significant difference between values obtained and similar studies reported in the literature. This is also part of our efforts in the department and institution to conform to best radiotherapy practices as stipulated in the national and international guidelines.
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